To prepare a reference material for y-glutamyltransferase (GGT; EC 2.3.2.2) measurements in clinical chemistry, we constructed different vectors containing either the rat kidney or the human hepatoma Hep G2 GGT cDNA downstream from an inducible promoter for expression in Escherichia coil and Saccharomyces cerevisiae. Transformed bacterial and yeast cells were tested for GGT productionby use of Western blot analysis and enzymatic activity measurements. Both rat renal and Hep G2 GGT cDNAs were expressed in E. co/i, producing active and nonglycosylated enzymes localized in the periplasmic space. Recombinant Hep G2 GGT was synthesized as a single-chain protein, unlike rat renal GGT, which presented two polypeptides of 62 and 30 kDa, identified as the precursor and a GGT heavy-subunit-like peptide, respectively. Rat renal GGT was produced in S. cerevisiae as two polypeptides, 55 and 30 kDa, detected by antisera against rat renal GGT. These results suggest maturation mechanisms such as glycosylationand cleavage steps, enhancing the interest of S. cerevisiae as a useful expression system for producing active mammalian proteins as reference materials. (8, 9) . In Hep G2 cells,
GGT is synthesized as a single glycosylated polypeptide, which is enzymatically active (10). Tate and Galbraith (11) suggest that the lack of cleavage results from the absence of the specific protease.
We previously achieved the expression of the rat renal GGT cDNA in Escherichia coli (12) , such that the bacterial cells produced active GGT. The enzyme was located in the cytoplasmic spacewhen the cDNA lacked the sequence coding for the N-signal peptide-like moiety, or was predominantly in the periplasmic space when the total rat renal GGT cDNA was expressed.
Western blot studies showed that specific antibodies raised against either the light or the heavy subunit both recognized the 62-kDa precursor, whereas only antibodies against the heavy subunit recognized a 30-kDa protein.
Here we report the production of Hep G2 GOT in E. ccli, a system where no glycosylation occurs. We also describe the expression of rat renal cDNA GOT in Saccharomyces cerevisiae, a system with functional post-translational mechanisms, and compare the specific activities of the enzymes synthesized in the two systems. Because hepatoma cell lines in mass culture can be successfully used for direct production of endogenous GOT (13), we believe these systems offer a new strategy for producing a stable recombinant mammalian GOT and preparing an enzyme reference material. Fig. 1 . Construction of the expression vector containing the rat renal
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The two eDNA fragments (1.4 and 0.8 kb) encoding theN-and C-terminal portions of the rat renal GGTwere fused to generate a 1. DNA manipulations were carried out as described by Sambrook et a!. (17 Burnette (21) . Proteins on nitrocellulose sheets were fixed with Ponceau S (2 g/L in 30 g/L trichloroacetic acid solution), saturated, and washed with phosphate-buffered saline containing newborn calf serum (100 milL) and Triton X-100 (2 mL/L). Recombinant proteins were detected with anti-rat renal or anti-human renal GOT antisera (22), and peroxidaselabeled anti-rabbit goat IgG.
GOT enzymatic assay. In the standard assay, GOT activity was measured spectrophotometrically at 405 nm, in the presence of L-y-glutamyl-3-carboxy-p-nitroanilide (6 mmoliL final concentration) as donor substrate and glycylglycine (150 nimol/L final concentration) or methionine (20 mmol/L final concentration) as acceptor substrates, at pH 8.25 and 30 #{176}C, as previously described (23).
Results
Glutamyltransferases characterized thus far are composed of two nonidentical subunits, except for the Hep G2 GOT, which is in a single-chain form (10,24) . Even E. coli GOT is composedof two subunits, with a primary structure showing a 30% homology with mam- malian GOTs (18, 25) . These enzymes are also glycoproteins, with a degree of glycosylation that seems to be tissue-and species-specific and that could also reflect the physio-pathological state of the cell (26). This is particularly obvious assuming the differences observed in the proportion and the composition of the sugar chains present on liver and hepatoma GGTs (27) .
The cloned Hep G2 eDNA contains a 487-bp 5' untranslated region, followed by an open reading frame of  1710 bp encoding for a 61.4-kDa polypeptide (14) . This eDNA was cloned into a bacterial expressionvector used to transform E. coli cells, and recombinants were tested for GOT production after induction with IPTG. Consistently, analysis of extracts from transformed and induced cells by SDS-PAGE and Western blot revealed the presence of a 61-kDa polypeptide, recognized by specific anti-human GOT antibodies (Figure 2 ). Furthermore, GOT activity was localized in the periplasmic space of these cells in which enzymatic activity was found to be increased. These results also indicate that Hep G2 GOT is synthesized in E. coli as a unique polypeptide chain, confirming that no proteolytic cleavage occurred in this expression system, as is the case with Hep G2 cells. In E. coli, the amount of activity observed for recombinant human GOT was relatively low and comparable with that measured when the full-length eDNA coding for the rat kidney GOT was expressed under the same conditions (12); this suggests that maturation mechanisms are probably necessary to obtain a fully active enzyme. Because these mechanisms are not present in E. coli, we studied the production of the rat renal GOT in S. cerevisiae, a host system in which the maturation phenomena are known to resemble those of higher eukaryotes.
The Yep52 yeast expression vector containing
the rat kidney cDNA (Figure 1 ) was used to transform yeast cells. Transformed and induced S. cerevisiae cells produced GOT with a specific activity of 250 U/g of protein, whereas the specific activity in control cells was 3 U/g of protein.
Endogenous S. cereuisiae GOT presents a biphasic pattern of activity, at pH 7.0 (hydrolysis) and pH 9.0 (transpeptidation). Furthermore, evidence has been presented that L-methionine has better acceptor Km values than doesglycylglycine in the transpeptidation reaction (28) .
According to these results and the specificity of acceptor for the mammalian GOT activities, we wanted to test the hypothesis as to whether cloned and endogenous yeast GOT could be distinguished on the basis of a difference in pH dependence and acceptor specificity. The GOT activity (transpeptidation reaction) in transformed and induced cells showed an optimal pH of 8.2, which is also the optimal pH for native rat renal GOT (data not shown). In induced cells, we measured a GOT activity 20-fold higher than in control cells, with a significant bias for glycylglycine as acceptor substrate (Figure 3) . We thus concluded that GOT Thus we have studied the feasibility of the preparation of such a material by using three different approaches: expressing GOT cDNAs in E. coli and S. cerevisiae cells, and purifying the enzyme from Hep G2 cells (13) . The specific activities and overall productions from these three systems are summarized in Table 2 .
Concerning the rat kidney and human GOTs we obtained from E. coli cells, both showed comparable activity concentrations, but these were insufficient for us to select this microorganism as an appropriate expression system for the production of large quantities (500 U) of active purified enzyme as reference material, probably because of the absence of post-translational maturation mechanisms. However, this expression system could be of interest for producing the nonglycosylated GOT precursor and for preparing further specific antibodies. Raised against the polypeptide moiety only, these antibodies could resolve problems in detecting GOTs, problems essentially related to the heterogeneity of the sugar moiety of the enzyme (24, 33, 34 ).
When we used S. cerevisiae, in which such mechanisms are functional, the apparent molecular masses of the two GOT-related polypeptides revealed by specific antibodies against rat kidney GOT indicated that the recombinant enzyme was probably cleaved and glycosylated in vivo in these cells. Experiments are in progress in our laboratory to determine whether the GOT maturation mechanisms occurring in yeast are similar to those in mammalian cells. Specific activities and overall productions (Table 2) showed that yeast cells presented the higher specific activity (250 U/g protein). However, the final cell mass of yeast cultures in our laboratory was relatively low; consequently, the production of GOT was also low (2 UIL of culture).
We previously reported a production of GOT of 30 U/L from Hep G2 cells cultured on Cytodex 3 microcarriers (13). At that time, we proposed that endogenous GOT gene expression in this cell line could be an interesting model for GOT production. However, taking into account the relative costs of reagents and perishable materials only, we estimated that the production of 1 U of GOT was at least 15-fold more expensive when the enzyme was produced in hepatoma cells instead of in yeast. Assuming that S. cerevisiae cells exhibit shorter generation time and that this system also produces active proteins, we believe that yeast needs to be further studied, especially to optimize growth and expression conditions to produce sufficient amounts of GOT for preparation of a reference material.
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